In order to resolve the apparent discrepancy between the 'porous' and 'nonporous' forsterite Hugoniots and to luther chhracterize the relationship between the Foxoo and Fo•: Hugoniots, we have used a two-stage light-gas gun to study the dynamic compression of pure synthetic single-crystal forsterite (Mg:SiO4) in the pressure range 70-160 GPa (700-1600 kbar).
EXPERIMENTAL D ETAILS
Rectangular fo?sterite discs approximately 10 mm X 10 mm in lateral extent and 2.5-3.5 mm in thickness were cut from a large boule grown with the Czochralsl•i technique by the Crystal Products Division of the Union Carbide Corporation. Densities determined by the Archimedean method on 10 such discs during the course of this study averaged 3.222 g/cm 8 at 23øC with a standard deviation of 0.002 g/cm •. Graham and Barsch [1969] report a density of 3.2217 g/cm • (25øC) for a crystal of almost ideal composition from the same source, grown by the flame fusion technique [Shankland, 1967] . Both zero-pressure bulk densities are slightly greater than the X ray density of 3.214 g/cm • listed by Robie et al. [1966] . After being lapped to within +0.002 mm of uniform thickness the discs were mounted, along with an array of fused quartz arrival mirrors, on 0.5-mm-thick AI-2024 or Ta driver plates. For all discs the shock propogation direction was within +3 ø of (010). A two-stage light-gas gun [Jones et al., 1966] The driver arrival mirrors and sample buffer were illuminated by a 540 J 'xenon lamp (50-#s duration) and observed through a narrow (0.2 ram) slit by an image converter streak camera writing at 20 mm/#s. Extinction of applied illumination upon shock arrival at each reflecting surface along with shock-induced illumination in the fused quartz mirror material allowed precise measurement of shock transit times through the sample, buffer, and driver arrival mirrors. The streak records so obtained were calibrated by using a modulated laser beam which provided time marks at 50-ns intervals (see Jean1oz and Ahrens [ 1977a] for a more complete description of this and other experimental details).
A sensitive microphotometer coupled to a paper chart recorder was used to scan all streak records, allowing accurate determination of illumination onset and extinction times. Such times were defined by the half-intensity points associated with the illumination changes recorded on the paper chart. We assume, on the basis of data obtained from additional mirrors mounted on the fused quartz buffer and arrival mirrors for shot 020, that shock transit times measured from the duration of shock-induced illumination in the fused quartz mirrors are overestimated by 9 + 2 ns (at least for impact velocities of 5-6 kin/s). The shock transit times through the buffer and arrival mirrors in the other experiments were corrected accordingly. Shock transit times through the sample are not dependent on duration of shock-induced illumination and therefore require no such correction. At projectile velocities below 5.8 km/s the variation of arrival mirror applied illumination extinction (or shock-induced illumination onset) time t with lateral distance x across the streak record is linear within the precision of measurement. The variation arises from slight relative inclination (tilt) of the plane surfaces of flyer and driver plates at impact. However, for projectile velocities greater than 5.8 kin/s, flyer plate deformation (bowing), well described by quadratic dependence of t on x, complicates the interpretation of streak records. For shots 025 and 020, corrections to the shock transit times (obtained by a quadratic least squares fit to the arrival mirror data) amounted to -8.9 and -3.4 ns, respectively. For shot 021 the arrival mirror data were not of sufficient quality to constrain adequately a quadratic fit; nevertheless, evidence for bowing in the streak record suggested that a substantial correction was required, and consequently, a correction of-9 ns was somewhat arbitrarily applied. Finally, minor variations (•2%) in streak camera writing rate along the length of the 2-#s streak record have been allowed for by the use of a quadratic fit to the calibration (distance on film versus time) data. Sample shock velocities corrected for projectile bowing and corrected buffer shock velocities are subject to an overall uncertainty of + 1%, while corrected arrival mirror velocities (over shorter paths) are known to within +2%. Corrections for the minor variations in streak camera writing and the flyer plate deformation account for discrepancies between Table 1 Table 1 .
Fused Quartz Hugoniot States
The Hugoniot states attained in the fused quartz arrival mirrors were determined similarly and are presented in Table 2 and for the density of the partially released (Pt•, uso) state. Densities calculated from (7) are presented in Table 1 . Error propagation has been treated as it was for the Hugoniot state with the necessary partial deffvatives included in the appendix. 3. Why is this high-pressure state so much more readily achieved by shock compression of porous rather than nonporous forsterite?
EXPERIMENTAL RESULTS

The new
Before exploring these questions in detail, it is appropriate to consider the data for partially released states and the information they provide concerning the nature of dynamically compressed states.
Forsterite Partially Released States
Pressure-density states attained in the forsterite samples behind partial rarefaction waves propagating from the samplebuffer interface (see Table l In the above, p0', % and Era are the initial density of the shocked material, the Griineisen parameter, and the energy change at zero pressure associated with any shock-induced phase transformation, respectively. The density dependence of the Griineisen parameter was assumed to be of the form:
A Us is the internal energy change along the principal isentrope between the zero-pressure density p0 and the given density:
1. At pressures below 35 GPa all data are consistent with the survival of the viivine crystal structure under conditions of shock compression (see Figure 5) .
2. The highest-pressure data (P > 120 GPa) of the present study are characterized by densities too large to be consistent with the hypothesis of shock-induced transformation of forsterite to its isochemical oxide mixture 2 MgO (rocksalt) q-SiO2 (stishovite).
3. Interpretation of the same data in terms of the calculated H ugoniots for the perovskite-bearing assemblage is complicated by the considerable uncertainty in both K0s and Kos' for MgSiOa (perovskite).
On The relative roles of porosity, polycrystallinity, and intracrystalline defects in the process of dynamic yielding and densiftcation clearly remain to be resolved. As a consequence, no unambiguous explanation of the discrepancy between Hugoniot data for porous and nonporous forsteritc is yet available. Until it is, we believe that the data from the present study of pure, well-characterized, single-crystal forsteritc represents the more reliable guide to the ultra-high-pressure behavior of Mg:SiO4.
Finally, one important qualification should be made concerning the derivations of Kos' for MgSiOa (perovskite) from the H ugoniot data presented above. The comparison of data and calculated Hugoniots is being performed at pressures approaching the zero-pressure bulk moduli of the candidate high-pressure phases. For this reason, such comparisons may be sensitive to the assumptions made in constructing isentropes from the low-pressure ultrasonic data. In particular, the conclusions reached may depend on choice of strain measure (Eulerian versus Lagrangian) and the term at which the energy-strain series is truncated. The importance of the latter is difficult to assess, since no data exist which would facilitate choice of Ko" which must be explicitly specified in any fourthorder (or higher-order) equation of state. The sensitivity of the comparison to choice of strain measure has, however, been assessed by calculation of theoretical Hugoniots for the MgO + MgSiOa (perovskite) assemblage based on third-order Lagrangian isentropes of the form [e.g., Davies, 1973] 
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One such Hugoniot with K0s = 219 GPa, Ko•' = 3.5, and the preferred values (Table 3) 
